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Solar  gamma-ray  line  (GRL)  emission  was  observed  by  the  Gamma  Ray  Spectrometer 
on  SMM  in  association  with  a  flare  behind  the  west  limb  on  29  September  1989. 
We  present  observations  that  support  a  CME-driven  coronal  shock  as  a  plausible 
source  of  the  energetic  protons  chat  produced  the  GRL  emission  on  the  visible 
disk. 
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Cn  :r;o  Origin  of  Gamma-Ray  Emission 
~'~m  ‘he  Benind-Ihe'-L.mc  F'aro  on  29  Seotember  1989 

:  rV.  -r  3.  .*>  -.1  ri»-r  .  W  Vestranc* 
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-E3TRA” 

?,-*ar  3a.mfna--3y-.rnj  .GEL,  -in.  ..cn  was  observed  oy  the  Gamma  -ay 
;n  ;.VM  :n  assocaiiun  j  flare  oenird  the  west  iimto  on  29 
J'.?E!ont>'f  :585.  .Vo  present  observations  that  succor!  a  CMEdrven  ccrcnai  oft-ccx 
is  a  o*ausifcfo  source  :i  mo  energetic  protons  that  produced  the  GEL  emission  on 
th  .is.bw  ois>  .  i 

t 

i 

■  nteccuct;cn 

As  reported  cy  Vest rand  and  = crest  (t593>.  a  large  flare  located  oeninc  the 
xiuth west  imo  of  the  >un  on  29  Seotrmcer  1989  was  associated  with  detectable 
pmma-Ttv-ine  ;GEL:  emissica  5M.M  Gamma  Ray  Spectrometer  observations  ci 
■ns  event  oegnn  when  the  satellite  emerged  item  on  SAA  pass  at  1133  U7. 
temodent  with  die  maximum  d  the  .0.3  sett  X-ray  burst'  but  presumably  after  tftfc 
p«jk  of  the  imousrve  phase  GRL  emission.  The  flare  ruin  time  in  sort  X-rays  was 
•CM.'  J7  and  metric  type  ill  emission,  an  mpuisrve  phase  phenomenon,  was 
observed  Tcm  tic 4.3-n29  'JT.  GEL  emission  'was  observed  from  1133  U7  until 
•ISO  JT  wnen  SMM  entered  orpcaj  night.  The  first  Ha  emission  that  can  be 
oertdonny  associated  wrth  the  GPL  event  (Vestrard  anc  Forrest  1993.  cf..  Swmscn 
inc  Shea.  199C)  was  a  :B  flare  :SC4  W90)  deserved  at  1U1  UT  from  region  5696. 
men  estimated  fl-cm  me  positions  cf  flares  dunng  cisK  passage  to  have  been  located 
it  .  -  325  WS8s5).  This  uncertainty  In  longitude  corresponds  to  a  range  of 
:cs citation  heights  d  -1-20  x  ioJ  kra 

Tho  GPL  flare  was  remarkable  ‘or  the  observed  high  (-0.2)  ratio  cf  the  2.2 
MeV  to  •»-'  MeV  emission.  As  Vestianc  and  Fcnest  (19S3).  pcint  cut.  because  cf  the 
argo  attenuation  cf  the  2.2  MeV  neutron  capture  line  neah’the  limb,  this  ratio  implies 
mat  a  significant  fraction  of  she  GPL  emission  originated  at  longitudes  cn  the  ‘visible 
:isK  as  far  as  25*  from  the  flare  centred.  Thus  this  flare  provides  the  first  evidence 
at  j  spatially  extended  component  d  GnL  emission  frcmjsdar  flares. 

Vestmnd  and  Forrest  (1953)  suggest  that  the  spatially  extended  component 
s  onwerid  either  by  particles  that  ciffuse  from  flare  loops  or  by  partldes  precipitating 
•rem  j  corona)  shcxrX.  We  *avcr  me  '.after  suggestion.  Th&  29  September  1989  flare 
was  associated  with  the  largest  ground  ievo)  event  (GLE)  observed  since  1956,  with 
panicles  coserved  at  energies  >  29  GeV  (Swmson  and  Shea.  1990).  The  fact  that 
mesa  soar  energetic  panlces  (SEPsi  were  rapidly  injected  onto  Interplanetary  field 
imn  rooted  in  the  corona  far  from  me  flare  site  indicates  a  similar  transport  prcblom 
'or  GEPs  as  for  the  GRL-prcducing  protons  in  this  event,  if  the  flare  region  were  the 
source  ct  both.  For  ScPs,  such  rapd  Transport*  Torn  the.flare  region  is  generally 
attnbuted  Lin  and  Hudson,  19751  to  wdosoread  accelcrallCn  on  open  field  lines  by 
a  corona), interplanetary  crock.  Ctfver  (1982)  presented  Observations  supporting  a 
coronal  choex  A%the'fast  propagation  mechanism  for  th^  behird-theJImo  (-W120) 
GLE  -flare  on  1  September  .*97.1  and  Gecrunner  et  ai.  (198^)  made  similar  arguments 
‘or  me  GLE  flare  (-V/12G)  on  16  February  1984.  Foflowfnlj  the  work  cf  Kohler  et  ai. 
{1984)  suen  snock3  are  thought  :o  be  driven  by  fast  coronal  mass  ejections  (CMEs). 
n  mis  peoer.  *e  present  observations  of  j  broad  and  tflgh-speod  C.ME  that  was 
associated  with  the  SEP/GRL  flare  ard  calculate  the  fraction  cf  >  30  MeV  pretens 
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:h.>  tern- ..ce  3RL 
~  the  2G  September 
'.are  was  caused  by 
.■  OWE -coven  coronal 
•dCtec  .n  Fgure  2.  is 
:s  simplicity  partices 
•.aid  oes  can  either 


■GSo-  b-rand-theAimfc 
ore  torso  accelerated  a 
,'socK.  "hr:  scc-nanc 
appealing  because  or 
accelerated  on  cpe.. 
escape  to  Ox-  observed  as  SEDs  or  precipitate 
to  give  rise  to  GRL  emission.  For  both  types 
of  omissions.  fad  transport*  x  accomplished 
cy  widespread  shock  acceleration.  Spatially, 
tr.e  GME, 'shock  ensemble  snould  do  broad 
enough,  based  on  tne  3£<E  latitudinal  extent, 
to  encompass  the  frent-sice  regions  from 
wnicn  me  2.2  MeV  emission  must  onginate. 
Temporally.  the  onset  cf  GRL  emission  is 
marginally  consistent  with  tne  presence  of 
mgn -energy1  SE?s  in  tne  corona.  A  simple 
calculation  indicates  that  -3-30%  of  the 
protons  accc-ieratec  a:  a  coronal  snock  would 
need  to  precipitate  to  the  sun  to  produce  the 
ocservec  -t-7  MeV  emission.  A  detailed 
modeling  effort  is  recuired  to  determine 
■whether  a  shock  can  precipitate  up  to  <,  30% 
of  its  £  >  30  MeV  protons  and  still  efficiently 
accelerate  protons  to  energies  >  20  3eV. 

A  similar  "precipitating-shock*  model 
has  peon  proposed  by  Ramary  et  ai.  (1987)  to 
account  for  the  pion-ncr.  phase  of  gamma-ray 
emission  observed  in  the  3  June  1982  solar 
Rare.  I.t  is  an  open  question  whether  the 
spatially  extended  GRL  emission  in  the  29 
September  1389  Rare  is  the  same  as  the  de- 
delayed  high-energy  components  observed  in 
intense  disk  flares  such  as  3  June  1982. 


«C 

t 


GnL 

rv. 


Per 


cot 


Fig.  3  Proposed  scersanc  for 
shock  acceleration  of 
GRl-producmg  protons 
from  a  behmd-the-Jmb 
Rare  on  29  Sec  13S9 
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